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Abstract 

The production of the resonance A(3823), identified as the charmonium 3 U 2 state, 
in the process e + e _ —>• 7T7 tX( 3823) has been recently reported by BESIII. It is pointed 
out that this process is fully described, up to one overall coupling constant, in the 
soft pion limit. An interpretation of the available and possible future data within the 
discussed theoretical framework may reveal new features of the charmoniumlike states. 
In particular, the observed relative yield for this process at different energies strongly 
suggests a very significant enhancement of the amplitude at the charmoniumlike peak 
near 4.36 GeV. 


The charmonium state X(3823) first observed pQ through its radiative decay to 'yXci 
in the B decays (and possibly also seen much earlier [2] at a lower confidence level by the 
E705 experiment) is identified as the 1 3 Z^2 charmonium level with the quantum numbers 
J PC = 2 . Most recently the production of the same resonance in e + e” annihilation was 

observed by BESIII [3] through the process e + e^ —> 7T7rA(3823) with a statistically significant 
yield at y/s = 4.42 GeV and an indication of a comparable cross section at 4.36 GeV, although 
with a lower statistical significance due to a smaller acquired integrated luminosity at the 
latter energy. The Ref. [3j also presented the measured distribution in the dipion invariant 
mass and attempted an angular analysis under the assumption that ‘the 7r + 7r“ system is 
very likely to be dominated by S'-wave’ (in the c.m. frame of the dipion). 

The purpose of the present paper is to point out that in as much as a soft pion approx¬ 
imation can be applied to the process e + e _ —y 7T7tA"( 3823), the chiral symmetry uniquely 
determines, up to an overall constant, the behavior of the amplitude in the second order in 
the pion momenta including the effects of the symmetry breaking by the pion mass. This 
property does not rely on any additional assumptions besides the general chiral theorems, 
e.g. it is independent of the assumption of the heavy quark spin symmetry (HQSS) which 
is known [JJ 
annihilation 

In particular, the chiral theorems fully describe the shape of the spectrum in the dipion 
invariant mass as well as the dipion composition in terms of S- and D- waves in its c.m. 
frame. The latter composition significantly depends on the invariant mass, so that it would 
be impossible to describe the nn system as ‘dominated’ by one of the two waves in the entire 
phase space. Furthermore, the amplitude of e + e _ —> 7T7 tA( 3823) rapidly grows with the 
momenta of the pions. As a result the kinematical integral over the phase space is larger 
at y/s = 4.42 GeV than at y/s = 4.36 GeV by a factor of about three. Since the data [3] 
indicate that the cross section at these energies is essentially the same, within the errors, one 
should conclude that the coupling at 4.36 GeV is significantly stronger than at 4.42 GeV. In 
other words, the observed process is likely due to the peak Y'(4360) which is known to be 

lr The chiral theorems combined with HQSS were used [5] for description of similar processes in bottomo- 
niurn, —> 7T7t 3 Dj, for J = 1, 2 and 3. In fact, as discussed here, it is sufficient to take into account only 
the chiral symmetry and its breaking to the first order in ro^ in order to fully describe the amplitudes for 
J = 2 (as well as J = 3) up to overall normalization constant(s) in the second order in the pion 4-momenta. 
Adding the arguments from HQSS allows to extend the description to the case of J = 1 and to relate the 
normalization constants for all three values of J , which may not be justified for the discussed charmonium 
processes due to apparent violation of HQSS. 


[5] to be violated in similar processes in the same range of energy in the e + e 
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present in the channels e + e _ —* TTm/j(2 S) [7J [8] and e + e” —> tttt h c [1]. This conclusion also 
certainly agrees with the observed cross section for e + e _ —> 7T7 tA"( 3823) being compatible 
with zero at all the reported energies, both low and high, except for 4.36 GeV and 4.42 GeV. 

In order to apply the chiral symmetry requirements to the process e + e _ —>■ 7T7 tX( 3823) 
one can notice that its amplitude can uniquely be written in the form 


A 


e e 


nnX (3823) 


£/lv\cr F^ v i>\KT< TK {p 1 ,p 2 ) , 


( 1 ) 


where e^ u \ a is the antisymmetric simbol, F )IV is the held strength tensor for the virtual 
photon, is the symmetric spin-2 wave function of the resonance X(3823), and T aK (pi,p 2 ) 
is a symmetric tensor depending on the 4-momenta p\ and p 2 of the pions. Due to the Bose 
symmetry the latter tensor has to be symmetric under the interchange of the pions, p\ H p 2 , 
and the chiral symmetry requires that it is vanishing when one of the pion 4-momenta goes to 
zero (with all other particles, including the other pion, being on mass shell). Clearly there is 
only one structure in T aK in the second order in the pion momenta that satisfies this condition 
and gives a nonvanishing contribution in the amplitude ([TJ) : T aK (pi,p 2 ) = C {j>i (T P2k + P\kP2o) 
with C being a constant. It should be noted that this form is also valid if the violation of 
the chiral symmetry by the pion mass, m^., is taken into account. Indeed, the term in T aK 
proportional to m^ (i.e. also of the second order in the pion momenta) could only enter 
being multiplied by the metric g aK . (More specifically, the term, satisfying the Adler zero 
condition is proportional to g aK [(pi + p 2 ) 2 — m 2 ].) However, the contribution of such term 
in the amplitude (JI]) would be zero due to the symmetry of ^\ K . As a result the general 
quadratic in the pion momenta expression for the amplitude can be written, up to an overall 
constant C\, as 


A [e + e 7nr.Y(3823)J = j„<h K (pi»P 2 «+Pi*P 2 ») = -C, e n[s j 7l ipu, (pi B P 2 k+PikP 2 S ), 

( 2 ) 

where is a unit vector with components (1, 0, 0, 0) in the c.m. frame of the colliding e + 
and e~ beams, j v is the electromagnetic current of the colliding particles (so that F^ u oc 
n^,ju ~ nujii), and the latter expression in Eq.(j2]) is written in the the same frame in terms 
of only the relevant spatial components. The middle expression is helpful in transforming 
to the c.m. frame of the clipion and separating the S -wave and D-wave in that frame, while 
the latter expression is useful for describing the correlations in the c.m. frame of the beams, 
e.g. between the directions of the pions and the beam axis, which correlations are discussed 
in Ref. [6]. 
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Here we concentrate on the contribution of the two partial waves for the dipion and the 
distribution in its invariant mass. Defining q = pi + p 2 and r = pi — p 2l and also the spin-2 
tensor 


= r n r K 



(3) 


the middle expression in Eq.(j2]) can be written as 


A 


e e 


-> 7T7tX(3823) 


Ci . , 
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(4) 


This expression explicitly separates the dipion S'-wave and D-wave states: the term with 
q a q K describes the S- wave, while that with £ aK is the D -wave term. One can readily see that 
in this expression the relation between the two waves is rigidly fixed by the chiral symmetry. 
Accordingly, if one writes the expression for the distribution of the rate in the invariant mass 
m W7r ( q 2 = m% n ) as the sum of the S- and D -wave contributions da/dm nn = C 2 (ps + Pd) 
with a common overall constant C 2 , the expressions for the spectral densities ps and pr> read 
as 




p D = 2\Jq 2 -4mJ ^A 2 - q 2 [1 


4 m 


2\ 2 r 


(, 2 ) 2 + |, 2 (A 2 -, 2 ) + 4(A 2 -, 2 ) 2 (5) 


where the recoil of the heavy state X (3823) is neglected, so that A = y/s — Mx is the total 
energy of the two pions, A = (n ■ q). 

The dependence on m n7r of the contribution of the S- and D- wave dipion production to 
the rate as well as the total distribution in described by the expressions ([5]) is illustrated 
in Fig. 1 (at the total energy E = y/s = 4.42 GeV, chosen for definiteness). One can readily 
see that the relative importance of the two partial waves very substantially depends on m n7V , 
so that it is impossible to consider the process as being dominated by one or the other wave 
over the whole kinematical range. 

The number of observed events in Ref. [3] is too small to make a meaningful comparison 
with the distribution in m n7T described by Eq. ([5]) . If future data indicate a significant devia¬ 
tion from the soft-pion description, this would imply a presence of a nontrivial dynamics in 
one or more channels. Should this be the case, it would be unlikely that the chiral expansion 
is invalidated due to the dynamics in the mr channel (the tttt rescattering), since this would 
invalidate the agreement of the soft pion description with the data in other processes where 
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Figure 1: The contribution of the production of the S'-wave (dashed) and the D -wave (dot- 
dashed) 7T7T system to the rate of the process e + e _ —> ttttX (3823) at \/s = 4.42 GeV. Also 
shown is the distribution of the total rate (solid). 

it is well established, e.g. in the transitions ip(2S) —> tttt Jjxp and T(2S) —>■ 7T7r T(1S) |9 ; , HQ] 
(for a review see e.g. Ref. [Hj). In those processes the soft pion expansion agrees with 
the data up to the available energy A <=n 0.6 GeV, which in terms of the discussed process 
e + e _ —> 7T7tX( 3823) corresponds to the c.m. energy up to 4.42 GeV. The chiral expansion 
may be invalidated if the process is dominated by a presently unknown isovector charmoni- 
umlike relatively narrow resonance Z with mass near the kinematical boundary, so that the 
production of X(3823) goes in two stages: e + e _ —> ttZ —> ttttX(3823) with one very soft 
pion being emitted in the S-wave (in the c.m. frame of the initial beams) and the other, 
more energetic, in the D- wave. Clearly, this mechanism implies that the mass of Z is either 
near 4220 MeV or near 3965 MeV. In the former case the quantum numbers of Z should be 
I G (J P ) = 1 + (1 + ) [similar to the most plausible assignment for Z c (3900) and Z c (4020)], while 
in the latter case these numbers should be l + (2 + ), i.e. totally different from any hadron 
known so far. Although this possibility is presently rather remote, it may still justify an 
effort towards further experimental study of the discussed process. 

It can be also noticed that the total phase space integral over the spectral factors ps and 


Pd'- 



(,Ps + Pd) dm 7T7T 5 


( 6 ) 


very rapidly grows with the available energy A for the pions. The behavior of this integral 
is shown in Fig. 2. This growth however is entirely due to the kinematics and the soft 
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pion dynamics required by the chiral symmetry, rather than being related to the dynamics 
of the heavy charmed quarks. The intrinsic strength of the coupling of the hidden charm 
states produced in the e + e~ annihilation to the final state 7 T 7 tX( 3823 ) is characterized by the 
coupling C. According to the data [3] the cross section measured at 4.36 GeV and 4.42 GeV 
is approximately the same. Taking into account the ratio of the phase space integrals, 
$(4.42 GeV)/$(4.36 GeV) ~ 2.8, one should conclude that the coupling of the hidden charm 
state at 4.36 GeV is significantly stronger than at 4.42 GeV. 


$ (GeV 7 ) 



E (GeV) 


Figure 2: The dependence of the phase space integral $ on the total c.m. energy. 


Certainly, the conclusion about the relative strength of the coupling C for the hidden 
charm states with different mass would significantly change, if a production of 7T7 tV( 3823) is 
measured at lower energy E where the phase space factor $ is much smaller. The presently 
available data at E — 4.23 GeV and 4.26 GeV indicate a signal with a statistical significance 
of less than 2 a, so that the status of the discussed process at those energies is yet to be 
clarified. Similarly uncertain is the status of the data at the highest measured energy 4.6 GeV, 
where the factor $ calculated from Eq. (l5]l is very large. It should be noted however that 
at such energy there could be noticeable deviations from the soft pion expansion for the 
amplitude of the discussed process. 

Before concluding this paper it is worth mentioning that the charmonium fine-structure 
partners of the V(3823) resonance, the 3 D i [identified with -^(3770)] and the 3 D 3 (yet un¬ 
known) states, can also be produced in a similar process in the electron-positron annihilation, 
e + e _ —>■ 7T7T 3 Dj §. In fact using the HQSS the processes for all three values of J are re- 
2 For those states however the decay into the DD pairs is allowed by the quantum numbers, so that the 
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lated |6] in the soft pion limit Q However, beyond the HQSS approximation such relation is 
generally lost. In particular, the amplitude for the production of the * * 3 D\ state can generally 
receive an additional part with the emission of the mi system in the S'-wave. (An example of 
mechanism for such contribution is e.g. the 3 Si — 3 D i mixing.) Nevertheless, the structure of 
the production amplitude for the spin-3 3 D 3 state is uniquely fixed up to an overall coupling- 
constant, in the same way as discussed here for the spin-2 A"(3823) state. Namely, at a zero 
recoil the amplitude in the c.m. frame can be written similarly to the latter expression in 
Eq.((2]) as 

A(e + e~ -)• 7T7T 3 D 3 ) = C 3 ji m ( pikPii + PuP 2 k) , (7) 

in terms of the spin-3 polarization wave function -0^ (totally symmetric and traceless). 
This structure of the amplitude results in exactly the same formulas as in Eq. (J5]) for the 
distribution of the production of S'-wave and D- wave rnr system over the invariant mass 
m m and the angular correlations in the process can be found in Ref. f6]. 
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